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• ''Ikvironmental earth sciemck 



. "Envlronnjental Earth Science" is a new course developed at The Univeraity. 
of 'jpexaa at Austin by the Department of Geological Scienceo and the Science 
fiduoation Center. It is offered at The University of Texas at Austin oa 
Geology 36lK ohd has beeni, tried out during the.xspring semesters of 1972, 19T3» 
19Tj*t and 1975- Revigigns haYe„beea m^^ after sac^ tryout, ^The 

proiject w^ithin which the coxirse has been developed has been supported by ,the 
Natp-onal Science Foundation. 

■ ! . ^- 

j The course Includes lectures, discussion sessions, and individualized 
Learning Caurrel Lessons ♦ Eictensive use has b&en made of multi-^media technololjy 
in the presentation of the course. Learning Carrels for individualized instmic-- 
^ion have been especially designed for this program. The lectures introduce 
specific topics, suggest problems or questions, and provide background infor- 
mation. The discussion sessionsoprpvide* the Student on opportunity to ask 
questions and clarify ideas* The discussion sessions also provide input and 
feedback to the instructor: 

The Learning Ceurrel Lessons have been written by faculty and giraduate stu- 
^^nts in the geological, sciences and in science education. Writers and resource 
contributors include Dr. Robert Boyer, Dr, Holland' Bartholomew, Dr, Keith Ypung, 
Di|. Samuel Ellison, Dr. James ^Underwood, Dr. David Butts, Dr, Addison E. Lee, 
David Kellelr, Melanle Lewis, Wayne Sqhade, Ann Lee, and William McLoda, Tech- ^ 
nicians involved in production of scripts, sound, ^and photography were Stan 
Prescott, Lee West, Charles Qeffen, and William McLoda, Art^iats were Jesus 
Rivas^ Alice Canestaro, Aly Knox, and Javier Flores. 

Each Learning Cari^el Lesson consists of/ a set of 2 x 2 slides, an audio 
cassette tape, a study guide, a script., and other materials necessary to the , 
lessOn. The study guide and script^ are in booklet. Students may set their 

own time schedule within an announced period when slides and tapes are made 
available* 'I . - 

The student should note the list of I^eaniing, Carrel Lesson topics to place 
in proper content the lesson in this^ booklet , and then read carefully the in- 
troduction, rationale, prerequisites, and lesson objectives in the study guide. 
The student should follow the instructions In the study guide . for the entire 
lesson, ^ In some instances, these instructions are also repeated on tha, audio 
cassette tape. The slides and tapes have been synchronized to automatically 
advance the slides) appropriate to the ciUdiotape. /However, there la a tone . 
signal given before tho change of each slide so tjti^t the lesson can be \:\^ed 
outside of the earrel if automatic facilities ar^ ftot available. When the 
student, la ready to start the lesson, the "on" si^icb should be pushed. If 
the slides and tape are , operated manu^ly, both ^11 need to be turned "on^" 
The first sAlde 16 alwaysl a title slide or a blank solid colored slide. If 
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the slides and tape are manually operated » this title or blai^k slide should 
bp on view be<^re the tape la^started. For automatic operation > the slides 
m\d tapea will be set up by the Instructor or Proctor before the lesson cuid 
between each use. It la most important to start each lesson according to 
these instructions in order to provide synchronization (ft the slides and t^pe. 
Remember that slides placed in the troy to be used with a reer view screeiji 
are reversed from those , to be used with a front view screen. 

The student will be instructed by the 'study guide and/or the tape to 
stop at various places to carry out certain activities. Usually the audio- 
tape will say, "Please .stop ifhe tape now and restart only when you have 
finished this exercise-" Therefore, the student should wait a few seconds 
to finish hetiring tiie instruction after the word "Stop." However /one should 
not wait loug enough for the tonp signal or automatic change to €he ne;ict slide, • 
This signal should be heard after you restart the tape. If the lesson is 
moving too rapidly /the student may stop the tape and slides at any time to 
consult the study guide or sprlpt , but it is NOT P0SSI3LE to^ back up and 
re-examine a giVen slide without completing * the entire cycle of the lesson. 

It ^is particularly important for the student to carry out the instructions 
for activities given in the study guide. In order that a record may be main- 
trained of these activities » each student should pick a copy of the STUDENT 
RESPONSE SHEET-»which include questions to be answered and the other activities 
requiring responses. These should be completed and turned in to the instructor 
as requirfra for grading, feedback for. the instructor, and to provide a basis 
Xor student interaction in the discussion group. 

Each Learning Carrel Lesson is independent within the context of the ^cptirse. 
Some of them pi-ovide direct information on a given t6pic, but in an individualized 
mode requiring some activities and thought on the part of the student. Others 
place the student in a rol«-playing* situation where some position muat be taken 
on provocative questions or issues. Others deal primcu-ily with applications of 
environmental information. In all the lessons, the student is expected to receive 
basic information that is coordinated with the lectures, the small group dis- 
cussions, and the readings. *^ ■ 
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^ ^^^^ . 1 = ^^r.: . • ^' \ ■ — — .^.^^^ : , , ^ 

TO THjK SyUDKNT: ^ / 

This booklet contains twd setctlons: (l) the Student Study Guide 
for this leaaOn^ and (2) the Script or pointed copy of the dlscueslon rec- 
orded on the audio casaette tape. 

You expected to begin ylth the printed Inat^^uctlons In the- 
St udy Guide and fbxiow thom continuously as you study thb leflaon . In many 
inatoncea" the-aame or almilar inatructiona may alao be heard on the audio, 
caaaette tape. Refer to the acript only if you need to refrej^ your tnmory 
aa to aomethinfi that wag sold. The acript is provided becauae you cannot 
back up the tape if you need tb review aomethinig already aaid on the tape. 

Specific inatructiona will be given In the Study Guide as to. when 
to Qtart and atop. the tape. Do not reatart the tape until instructed to do ao 
in the Study Guide. 

Queations requiring written, answers ahoald be completed on the 
STUDENT RESPONSE SHEETS' provided by the Instructor. I 



INSTRUCTIONS: 

1- Start the audio cassette tape and slides . (Fol- manually operated 
slide carousels, be sure the slide on the screen is the title slide ^m- the 
. blank colored slide in slot number 9ne. Otherwise, the slides and t^e will 
not be synchronized.) Listen to the tape and view tUe slides tmtll reference, 
is pade ^ page 1 in the Study Guide. Then STOP THE TAPE AND SLIDES. / 

r . • • ■ 

Read the Introduction, Rationale and Objectlvea for this leaaon 
^ that followa* If you have questions, check with the Inatructor or Proctor • 

• . / ■ ■ 

INTRODUCTION: ' ' . ' 

r ■ * 

To an obae3r\rer in apace , the ^la|iet earth appears as a globe largely 
covered Ijy water. Theae oceana that cover 70% of our planet are grecct reaervoira 
of food, minerals , and water. • ' 

In theVlrat part of this lesson, we look at fooa from the sea. What 
It is, where it is, and ho\f w^ get it, . * 

I-n the second part of th|.s lesson we -look at the mineral resources of 
tne oceans. What minerale are' taken from the seawater, what minerals are* obtained 
from the ocean floor, and finttlly vhat minerals are found beneath the' ocean floor 
ftre questions answered in this lesson. 

After this lesson Incompleted, you should havis ^ better InsiTgHt about 
the^ role the oceans currently 4)lay in our»* lived and the. very injport&nt role the 
oceans will play in man's future. - ' ' . 
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l^TIONALK: 

All indicationo ai*e that we will depend more heavily on the oceans 
for our t\iture food^ water » and mineral needs. P'or thio reason it it) worth- 
while for U8 to become familial' with the rescfurces of our oceans and what 
efforts we must expend to obtain these resources. ' • . . 



OBJECTIVES OP' THIS LESSON : - 

At the end of thip. lesson you should be able to: 

' ■ - i ^ • \ 

1. list three factors that determine the location of 
fish populations ' 

2. descVibe one or more fishinig techniques that are 
currently Wing used to improve the amount of '"fish 
taken from the oceans ^ 

3. -describe ways of increasing the ambunt of ^ish we con 

harvest from the oceans 

U. explain what is meant by "overfishing** 

\ . 5- list three chemical elements that are extracted 

from seawater 

6. list four substances mined from the ocean floor 

7* list threp substances obtained from beneath the 
ocean floor 



•J 




INSTRUCTIONS: . , • • . 

2. Complete the Pretest on the white pages at the end of your STUDENT 
RESPONSE" SHEETS^. At the end of the lesson you will he asked to take a Posttest 
on the green pages ait the end of yoy. STUDENT RESPONSE SHEETS. You can then ' ' 
'compare your answers on the Pretest and the Post'test to determine 'some of the 
things. that you learned during this I'esson, 



8 




4^ 

• 3. Reotart the audio casBette tape and glides . Lioten to the y 
tape and view the slides until reference is made to Frame 1. Then STOt* THfi 
TAPE AND SLIDES tmd follow instructions on the slide. 

« 

L Frame ij . . • . ' . 

You have learned that upwelllnga off the coast- of Peru provide the conditions 
for ai^ excei:^enti fishiqig groxind. Off the coast of California near' Monterrey 
there used to be excellent fishing grounds caused by upwollings. Fishing is 
poor now and t)ld cannery buildings are uded for stores and warehouses* What 
do you think happened to this fishing ground? • (USE STUDENT RESPONSE SHEET) 



INSTRUCTIONS: » ■ 

Check your atiswer before continuing. Res t |a*t the audio Cassette 
tape > Listen to the tape and view the slides until ref^ence is made to Frame 2, 
Then 3T0P THE TAPE AND SLIDES and follow instructions on the slide. 



Before proceeding with this prbgrcun, we woilld like you to mo^ce a hypothesis 

and an estimation. Think about the number of pounds of beef or fish that 

can be raised per acre. Anm/er the fallowing questions on your STUDENT RESPONSE 
SHEeI. ^^. • 

Can man raise more, less, or the same ntuaber of pounds of beef as 
fish per acre? | . " ^ 

^ ■ ■ ' * ■ . ' * 

. Next, your estimation of thb ratio of nimiber of potinds of fish to beef 
will be: . - . 

* (a) .5 to 1 : • 

■ (b) 1 to J ■ 

(c) 8 to 1 , . 

(d) 20 to 1 



INSTRUCTIONS: 

t -r. ' # . 

5. R^tart \he audio cassette tape and check your answers with the 
information on the n^xt 8lid!|* ^Listen to the. tape and view the slides imtil 
referertce Is made to Frame '3. Then STOP THE TAPfi AND SLIDES and follow instruc- 
tions oh the slide. * - . 
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Thio leaaon has completed on explanation of several technological techniques 
that will increase the fish take from th6 oceans. However, we all recognize 

^ that' technology operates within economic and political domains. Let's study, 
for a moment the same probO^ — how to increase fish catch — from a social 
•point of view. Look at Figure I. If we overfish the ocean. Curve C describes 
•what will happen. If we follow Curve B, the fish take may be largfe and -con- 
tinuous thro-ugh time, but not rapid enough to prevent millions of people from 

A starving. If we follow Curve A, the fish take would mbgt aeorly match our 
immediate ne'edt) and provide a continual qtipply. 
•-i " . ' • ■ ♦ 

List an your STUDENT RESPONSE SHEET two economic or political agreements that would 
have-^o be made before Cxirve A could be ccu-rled out. 

t ' Agreejment I : ^ 

Agreement II: 



FIGURE ^ 



Take 




Time 



_ '* ^ \ . 

PpTIaME ll Answers 



You have learned that upwelldnfts off the coast of Peru provide the conditions 
for an excellent fishing ground- Off the coast of California nea^ .Monterrey 
there used to be excellent fightng ©rounds caUaed by upwelllngs. Fishing - . 
is poor now ajid old cannery buildiAgs are used for stores and waj^houses. 
VThat do you think happened to this fishing ground? 

Your first response wbuld post likely be overfishing. However . 

likely as that answer is^ scientists tell u s th at the location 

of some fishing Rrounds change through time for as yet unexplained 



reasons 



Answers 



Before proceeding with this program, we would like you to make a hypothesis 
and an estimation. „Think about the number of pounds of beef or fish that can 
be raised per acre. f 



Cain man raise more, less, or the same number of ^tinds of beef as fiah per acre 

> . • ^ 

Next. :3^our estimation of the ratio of number of pounds of flsh^to beef will >e: 

(a) .5^to 1 
/ (b) 1 to 1 ^ . ^ 

(c) 8 to 1 ' 

(d) 20 to 1 ■ " 
Answer; (c) 



/ pounds of flah per acre 2^300 ^ 

^ poxmds of beef per acre 300 

TherefWe, the answer is (cj 8 to 1 . 



•.•Pliici leag-on hao completed an explanation ol* oeveral ^echnplogl<;ttl t^chni^uen 
that will increaoe tho^./ltjh'^ake from -the Qceona. However, we all recognize 
/thtft technology operat^ea within economic -ajid political, dojnalno. L^t'o study 
-for a moment the aame problem — how ,to Jn^j^ease fish catch — fro^n a ^ocial 
.^oint of -view. Look at Figure J. If .we ovSorHeh the ocet^n; Curve C ^BBcribeE 
what will happen. If we follow Curij^ B.^ th^ fldh take^jaay he 'large' And con- 
tinuouo il^'ough ttme^ but nAt rapid enough- to prevent millions peop^^^ 
storviog,' If we follow Curve Ji, the fioh take voUl'd moat 'nearly match our 
Immediate needs and provide a continual , sUplply/ ' ' , ' 

li&t below two ec^noinlc or political" agreemente that! would have to .be 
made before Curve A could be carried out. . v.- • . ^ • ' - 




Ag/^ement* I: '. ^ All' couritrie^ taking if i-ah f?;^ the ode aji.,,i}^c^ft 

to agree on the amount .. Of c4 t ch tl»at CQigd b^'^p^rT ! 
• ■' by 6ach country each year. 



Agreement II : All countries takln^-tiah fVom.the Qc{>ah yj^ui^. havjB 

to agree on the police prodedureq tO'.moni,tor each r 
countries* fiahing indus tr y. ' - ■ -' \ 



PitJURE I 



wi:k/. 'I'm ri<i':'i'}':.-.T 



ANSWERS TO POMEST 



What. t.hr<*«* nuO^r' I'Hc torM Ut*t.onnine 



l^.yiUiil^i: . ' 

^ ^l^id'JiliiiiL JLliiiL^i^ilil ' • > and 

nitrates 



(tCl) cold bo t. torn waters 

b. o^iuatorial water:; 

r. l:;lmui watori; 

d. nurfare waters 

Ilov/ far down into ocemi watf^r eloen 
iuniliKht penetrate? 

;n)0 meters 

At whieh ot_ie_ of (.he following places 
art* nutrients for fish life most 
abundant? 

a. at. the ecfuator 

b. at. t.he poles 

c. in ocean basing 
nt^ar !vhoreline3 

Wliurh one o-f the following areas 
produces t.he least fish life? 

a. the equator 

b. the poles 

(SS? center of ocean basins 

d. shorelines 

Which of the following techniques 
is (are) r\ow usied to catch fish? 

<ap man--niade reefs , 

Cb.^ sounds 

(cp suction tubes- 

(dj) linderwater lights 
♦ 

N.^xnie 2 ways of locating and/or 
catching fish which ^vill probably 
b<?come widespread in the future.. 

satellite photography, suction 
tubes ^ underwater lights , sound 
impulses to attract fish 

In what parts of the world does mosjb 
seafood farming now t)ccur? 



aniQunt of pl»at llfo lavalX^ble 



gutrient^ pWaphateo and " 
nitrates " 



^) cold tjottom vttters 
equatorial waters 
c/ island waters 
d^ stir face waters 



200 meteiTB 



a. ^ at the equator 
at the poles 

0* in ocean basins 
near shorelines 



a, the equator 

b. the poles 

center of ocefux basins 
d* shorelines 



man-inade reef 6- 
Cli> sounds 
<ei> suction tubes 

underwater lights 



aatelllte photography^ auction, 
tubes^ tindervaterl ll^ta> aomd 
inffiulaeg to. attract fish , 



Ai>ia and the Far East 



Aal^ and the Far, East,, 
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ANSWER8 TO POSTTEST ( continued ) 



r 



iiiili.-at<' l\\n\. f*i:ih Tai'mlng can 
>nt. !'1bu( I* ;i I rtti 1 rU-<uU ly to' ouv 

' fish .'Htfir:* 



Y 



Nil 



Yes 



No 



U). 



1 ! 



in 



How vlv^ t^at.l lo ct'ops cv.Mnp?u"t' with 
pot <Mit. I *il V[:\h pond v'l'op.MV 

t^it tlt-: __J00 \bH . /acx'o/yt^nv 
>\">00 lb:; . /m-fc/yrui--- 

(i)..'^ UM l^K^^ feed 
tr. fi:; :u\wduyt 
d. In Industrial paints 

OV what kitidy of t'iah i\\ fish meal 
made? 

a. lobr.ter tai Ls 
Vb , * fish heads and entrai Lrj 
c, t.fout and tuna filets 
(Tl."* untasty fish 

lluvc^ we overfished In many areas 
of t he o<*eans? 



Yes 



No 



How are flnh species pt'otected from 
fiidiiuK to tlie point of extinction? 



Cattle; 3 00 lbs. /acre /year 
Fish: 2>^0Q lbs. /acre /y^ar 



tt0 cjiickon feed 
as bog f e0d \ 
as sawdust 

in 4jidu8 trial paints 



a. lobster tails 

fish heade and entrails 
c. trout and tuna filets ^ 

untasty fish 



Yes 



Wo 



r 



pre venting or limiting the fish 
(^atch 



preventing or limiting the fish 
catch ! 



l""). How long will It be before we are 
, harvesting the maximum atuount of 

flsti we con without upsetting the 
^ecological balam:e of the oceans? 

■ }Ml 

lb. Wliat .are the 2 most important minera.1 
resources we tfike from the oceans.? 



v 



ERIC 



Oil 



Gas 



IT . What percent of the earth's oil re- 
^'.erves are estimated to Lie beneath 
the continent^ «hoin 

a. 10^ 
* b. 20:? 

d. 8055 



Oil 



a. 10% 

' 20% 

d.; 80* 



■ ■ ■ ff,- 
it 



1 1 



AN.-WKIs.: ■{■<: : U!-:'!'K; !' ( 1,1. ! nu I 1 
li^s Wh it'll mu^t-ralM art* t1«.>w briiij^^ 



V>/hnt \.\\t' i>r«tnjiii^ :^«nM\*o <.^t' our 

i ihI i tic 1 



.1. t'-f 



ill. 'I 



i>in* rrr*:;h unlvr nt^slii in t.^tu- I^itur^'V 



No 



a» globlgerina ooie 

c. Be water 
tixna 



No 



Why h.'ivr wt* iu.>t y r t," r x t. jvu: trd 

t'r-oiri t.lic orr.'iuJ? lo ;;oJve our rmMU^tary 



Nmur mituM-al n*:>ourcM'ii which are 
roiuiii ou_ tho <.>Ct\*U\ flot)!^. 

:Uuul m id ^^ravc I ^ phou pho r 1 to ( phos- > 
phate ) , 0^3 ler i;helJi; ^ d1 ^j,iiiorulo ^ 
inan ^atR'ae no ciulen ^ 1 t\)n 

:M. Nmne b mineral resource::^ whjch avv 
Voxuxd fega^iath the ocean fiqor. 

i.^'l^g l-"^^opp<^t^ ore 

:?U. hist, all the Wfiiyi% the ocean provides 
with pleasure and* fun. • 

n i iif^ , water ski In^; , undeinftTa.ter 

dly i ng ^ watching wave acti on , galling, 

watchi ng Mrdn, watch ing su bnet g , 

^ur f Ing. ^ - 



coat, of .GJctr^Qilon more the 



i^atid and gr^Vel t phQ^^hor 1 te ; .(^hpg - , 
"ph€^te )\ oyater shelXa ^ dliato^oh .-^ 
fftftngonetfe QoduleB ^ Iron' 



: nloKeX,^CQffper o3:re . 



diving < vatchinft ygye action . sailAng^. 
Vi9.tchln^ birds . >^a1iichin^ aunoeta . / 
BvjnmiiiiR t suyfittg « \ 
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u 



Title iUldc 
the Ocean" 



\ ■ . ■ 

This program will provide you with some answers to 

questions you may have had concerning the oce^in and 
Itfcj reaouroeti. 



( 








Of r- 


Sea- 




flhore 


food 




oil 


buffet 


well •■ 
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„ r 



You will learn about the food, Minerals, and enjoyment 
Ve derive from the, oceans. Before viewing this program, 
please turn to page 1 in yoU'r Study Guide* and read the 
information yovi will^ find there- ^ 

Stop the tape now. 



Food from the 
Sea 

(seafood) 



In Pai't I of this lesaOn we will look at food from 
the sea. What it is,, where it is, and how we get 
it. 



Where are the 
fish? . 

(rishlng boats) 



Where are the most productive fishing areas? 




The amount of fish in an area io directly proportipnal 
to the amovint of plant life availfrt)le, which^ In turn, io 
dependent on the abundance of three things; oxygen^ 
sunlight, ar^d nutriento like photjphatea and nitr^iteB. 

Where do wo fipd oxygeq in the oceans? 



Slide showin^j 
upvrelUng 



This. cold, oxygen-rich water rises to the surface aJLong 
certain coastline areas. These upwellings are some of ^ 
the most, productive fishing areas in the world. 




"Peru's coastal waters are the site of upwellings and 
are prohably more productive than any area of similar 
^size in the worlds ^ 
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Stop the tap* - 
nOw and com- 
plete Frame 1 



. IP 



3 



TLq)x awlmmlag 
tunld' kelp 



'u_ r 



\ 



Why io light Important? As you have letvrned, the 
abundance of plantJ.lfo in the oceanB determines the 
number of flqh. The plants which furnish food and 
oxygon for the fish caii grow only at depths where 
sunlight penetrates • 
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Sunlight view- 
ed from under 
water 



Light penetrates tg a maximum depth of only 200 njeters 
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Map of wprld's 

continental 

shelves 



It Is therefore not surprising that idost of the world *8 
catch of fish is taken over continental shelves in 
water less than 200 meters deep. 



r 
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Very eroded 
hl,ll8 



Where are nutrients most abundant? Phosphates, nitifates, 
isuid other nutrients necessary for life are washed out of 
^'soils into rivers which efl5)ty into the sea* Therefore^ 
as we could expect » coastline waters are ^chest in 
thesev^lfe--giying; nutrients. , * 
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blue water n 



< 



The ftirther out Into the ocean we tra\^l, the lesa of 
these nutrients we find, and the le^a life, both plant * 
and animal, we encounter* 

The fright blue witero in the center of ocean buoine ore 
virtual deserts/ due to the lack of these nutrients', 
.^tind because the depth of these basins Is usually muqh 
f^greater than 200 meters* 
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How to get 
more? 

(fish) 



How con we increase oxir Tiah take from the ocemia? • 




New kinds of equipment can help increase our take. 
Russian fishermen have been catching fish called kllka 
which swim necu* the mouth of a suction tube which draws 
the?! out of the water onto the deck of the fishing 
vessej. E:fectrical impulses and sounds have been used 
to lure fish, ^nto the tube* 



16 



Underwtiter 
lights 



Underwater lights have "been used by Japanese fisherman ' 
who attach them to their nets OQd then turn them off one 
by one' until the fish' are captured deep within the nets. 
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F*lah flwlmnilng 
near underwater 
wreckage 



Jacquea Couoteau in hi 8 early underwater dives noted 
that large quantitiea of fioh congregated around sunken * 
ships* Cousteau proposed building a multi'-Ievel concrete 
home to attract fish and feeding them through a system 
of pipes. ^ 



Photo of wreck- 
ed cars in the 
ocean noai^ 
shore 



r 



This concept has been utilized somewhat by .sports 
fishermen who have built man-made reefs of scrap metal 
and old cai^s to attract and cenqentrate fish, in one area- 
This has proven to be a very successful action. 
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Satellite vieiT" 
of oceans (part 
of satellite in 
picture ) 



Satellite photography may help fishermen to locate 
schoo^ltl of fish. Satellites can detect the presence 
of near-surf acj9 nutrients, fish oils, and other phenomena 
which are directly related to. fish concentrations. ^ This 
information can be relayed to land-based tracking stations, 
^h^y, in turn, send this news tp captains of fis^iing 
vessels i^ti the area. 
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Fish in air 
bubble enclo-t 
sures 



Other proposals for^ increasing our fish take have been 
made which are still in the experimental, stage • Scientists 
have foxind that fish iahy away fi*om air bubbles. They have 
laid down perforated plastic pipes or hoses into which they 
fed conpi'essed air. No fish would swim t&rough the bubbling 
WQrtQr. Engineers picture sea encloasurQS with bubbling walls 

overing thousands- of acr^s of ocean waters where millions of 
fish could he grown ♦ 
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Will ri8h farm- 
lu« help? 

( fish ponds ) 



Can fish farming Increase our protein oupply? 



Underwater 
Japanese vomaji 
diver looking 
for oysters 



Approximately U million tons of fish and shellfish 

ai-e cultivated anmially. Most of this production oomes. 

from Asia and the Par East. Shrimp are cultivated on 

a large scale in Southeast "^Asia, and the Japanese have been 

fanning oysters for centuries. 



Men shoveling 
oysters Into 
open water 



Oyster farming in the United States has recently become 
a big business. Tiny oysters are nurtvired under optimal, 
conditions in a farm, and^then pl8aite<^Ln oyster beds. 
It takes U to 5 years. for an oyster to^fi-pw to maturity 
natxirally. , ' 



However, oyster farms with a capacity to create ideal 
envlronmental^conditlons can cut this jgrowth time in half. 
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Fish school 



The greatest fish mortality occurs between hatching and 
the end of the larval stage. Nurseries which rear ydung 
fish through this dangerouia period can Increase fish 
popiaations. In an experiment ^ich began in 19^9^ some 
young salmor^ were^ artlfically reared throu^ the laxve?! 
stage in a hatchery. 
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oaimon under- 
water 
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q*id then releaoed into a neai^by pond. From there they 
raade their wa/ out into the ocean. Three yearo later 
oome- of the salmon returned to the pondo. PYom these , 
scientists selected the biggest males and females for 
breeding purposes. This continued over the years. 
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Salmon swimming 
up rapids 



And now, 30 years later, salmon are returning in 3 years 
instead of the usual and are heavier and longer than 
natui'ally bred salmon. ^ 
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Ifish ponds 



But the greatest discovery was that these fish have an 
ability to survive in th^ oceaii at a rate of 10 to 30 
times greater than the naturally bred salmon. 

Experinjents like this prove^hat we can do much toward 
improving the harvest of the oceans. 'In addition to 
hatcheries which release youmg fish irtto the oceans , fisK 
ponds can be constructed in which fish grow from eggs to* 
maturity and are harvestad. »r . 
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stop the tape 
. now and com- 
plete Frame 2 
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Fish 
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One attractive feature of fish ponds is that they can be 
'developed on poor land unusable for ogricultiure , One 
Britioh fishing authority estimates that 300 pounds of 
young cattle perV^c^re con be produced on good pasture 
annually^ yet 2,500 pounds of fish per acre can be 
produced annually in ponds located on poor tropical, soil, 
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Uses oS fish 



4 



How do fish be*hefit man? .Natiiraliy , ^ all know how to 
use tasty fish like lobster and shrimp to good advantage, 
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Fish meal 



1_ 



However, many ^ish unpalatable to human taste buds and 
yaste parts of edible fish contain the same proteins 
so valuable to man.. These fish are dried and then ground 
up to make fish meal. Both pork and chicken cost less 
than beef, partly because of the widespread use of fish 
meal for the feeding of pigs and chickens. 
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FPC 

(starving young< 
African) 



This same fish meal can al&o be deodorized and re^f ined , 
for human consxamption. This food is called fish protein 
concentrate, better known* as FPC. FPC has been used as 
a substitute for milk in feeding "babies, and mlbced with 
other foods to add protejLn to human diets. 
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Heaker of oil 




Fiah ollB are a by-product of the fish meal processing 
method. Much cheaper than vegetable oils, they tire ueed 
as margarine and cooking fate^ and as industrial oilc- 
Another use of fish oils is as vitamins for chickea and 
cattle. 
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Oceans In 
danger? 



Are we in danger of overfishing the oceans? 
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Map of Europear 
continental 
shelves ^ 



Overfiahlng is already a problem for some species. Stocks 
h&^^ Jbeen depleted in heavily fished- areas such as" the 
continental shelves of Europe, particularly the North Sea- 



/ 
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Effect of Over- 
fishing on 
fiah take 



When the catch of a species reaches the point where 
reproductive capacity is unable to compensate for the 
losses sustained, fi8hei;ies become unecoQomical 
fishing of many species to extinction Is thus prevented. 



FRir 



25 



10 



5>top the tape 
now ojul 
complete 
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Graph : Annuo-L 
fish take — • 
1950-1985 



Oc^anogrfiphei's estimate that the energy availably in the • 
oceans is' capable of producing only 2^*0 inlllion tons of ' 
fish per year. Allowing for lo8i3 to other fish, sea birdo» • 
and. onimala* WG are left with a maximum of 100 million tons ■ 
for human c'nsuwption each yeoi*. At present, we ore harvesting' 
65% of this amount annucajy, and We are expected to harvest ' • 
the maximvun 100 million tons by 1985.. ' 
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2ko million 
tons 
(fish lying on 
deck ) 



Two conclusions are obvious: (l) the se^ is capable of. 
producing only a finite amount of food, ' 



Same graph as 



f ■ ■ • 

and (2) man is" how fi^pprorffejiitig thq' maximum limit he can 
expect to harvest without upsettirig the ecological hetlance 
of the oceemsl . 
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^llnereils from the 



ocean 



(offshore 
_ oUwell) 

I r 



In Part II ve will discuss minerals from the oceans. 



«^ c 




(D 



Oceanic minerals are found in three different places: 
dissolved in seawater, lying on the oeafloor, and under- 
neath the seafloor. 
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Mo3t important 
mineral? 

(oCfehore wells] 



What is the most important mineral resovirce we take from 
the ocean? Oil and gas are the most import cuit minerals from 
the sea. The annual production exceeds 6 billion dollars 



Offshore Pro- 
duction of Oil 



Presently, about l6% of the world^a oil and 6% of our 
natural .gas come from offshore wells. By 1980» offshore 
production of oil i,s expected to be one-th^rd of the 
total world |WPt)duction. 
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cJl ff 



"I n 



Geologlats estimate that hO% of the earth' a known oil 
reaervea lie, benekth the continental shelf, bat It is- 
possible that subsea oil deposits exceed those on land. 
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Na» Pb, I , Mn, 
C.l, Mg, Br, S, 
Fe, Au 
(underwater 
• scene) 
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What minerals are dissolved in seawater? Almost all 
the natural occuring elements are Covmd in seawater* 
However, sea water is an extremely low-grade source for 
moat bf the§e elements. The most important industrial 
metals are v^ued at less than 28 cents per million IJters'" 
of seawater, and the gold dissolved in each cubic kiloAet^r 
of ocean water would cost far more to extract than it. i"^ 
worth* . r. • 
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Mineral extrac- 
tion economicol 
( beakers of 
minerals) 



Can minerals be exti'acted' bcq^<!)mital^l*3r f fofa *seawater? 



8o^ of our bro-- 
^ mino 

rimiuijCrial 
. •^cene) 



The answer is yea, they' ca« .i^e . BJlghty.perjperjt of the 
world's biromirie 9u:^ply com^s from seawater. 
supply is supposedly inexhatiatible. , ° - 
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Moat U.ti. • 
mafinealum 
(another 
industrial 



en^ ) 



r 



The bulk of the U.S. supply of magneoium now cornea -d^rom 
the ocean. This lo because th% extraction of magnesium 
from sottwater is cheaper than mining and refining ore* 
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F 



And, of course, much of the world's sodium chloride salt 
comes from the sea. 
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Strip-mirUf^ 



■V 



*A9 lind 3upi)iies of other important elements become depleted, 
extra^t^op of tlxese elements from seawater may also become 
economlcj^^lly feiaaible. 




Io<iine concen-- 
trated in kelp 
(tillver amid 
kelp); / 
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The seaweed kelp coric<^ntrates iodine in large amovmts of 
seawater. The dried sieaweed is burned to obtain iodine. 
Even the iodine mined from the salt beds of Chile comes 
from the remains of kelp. 
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Child. In sea 



The grootoat treasure in the ocoalio may bo water. All 
living thlngo depend on it for life. However, pui- freah 
wator ouRplleo are being rapidly depleted. We will BOon 
have to turn to the oceans for at leaot poi-t of our wtcter 
needs.' ^ 
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Desalination 
plant — West 
Indloa 



In different pai-ts of Che world, hxindi-eda of desalinating ' 
experiments ore undorway. Already deaolination of seawater 
contributes a large portion of some oreo^' water supplies — 
like this 800,000 gallon per day unit In the Kest Indies, 
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Ouantanamo Bay 

desalinating 

plant 



and like this plant in Guahtanamo Bay, Cuba. As our water 
supplies become scaxcer, desalination will become more 
economical and greater portions of our fresh water will 
come from the sea. 



What minerals 
are on the sea- 
floor? 



What mineral resources are found on the seafloor? 
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i^and & gravel 



"I 



Sand and- gravel are mlhed from ahal.low coootal waters 
In greater queuntttieo than euiy other material. 
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Huge concrete 
bui Iding 



r 



Most sand and gravel is used in concentrate and as road ' 
matorial. As land deposits become exhausted , the sea will 
b<?come a major source of building material for construction 
industries » particulai^Iy in coastal areas. 



Oyster Shells 
(oyster dredger) 



Oyster shells ai^e also dredged for use as building material 
In high purity lime. 
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Manganese nodulqs 
on aeafloor 



Manganese nodules are black: ^concentrations of iron mcmganese^ 
and are believed to have been formed by precipitation from 
seawater. They form very slowly, but estimates of their 
abundance is high* 

Some companies are now attempting to develop, the technology 
necessary to harvest these nOdules* If some economicfiil way' 
of gathering them could be devised^ they would provide an 
abundant iron and manganese source for years to come. 
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Da« of phoaphatf 
fertlUv.er 
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Phottphorite ia aaoarca of'phoophate fertilizer, and 

Ih depoaltod uiridei-water In many areas throuijhout the world. 
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Outline of 
atate of 
California 




One rich deiX)Rit off southern California contains about 
30^ phosphate. Hovover, due to a 3.arge supply of phoophate * 
deposito on land,. the marine deposits ore not economic at 
present. 



"1- 



Diamonds on 
bl^ck 'velvet 



.More glamorous than fertilizer, diamonds are oJLso found 
on the ocean floor* Since 1952, more 'than half a million 
carats of diamonds have been dredged from the seafloor off 
the southwest ooaat of Africa. 
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What minerals 
are found under- 
neath the sea- 
floor? 



What minerals are found underneath the geafloor? 
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Oil and gas, at preoont the moot Important mlnerala, 
are, of course, found beneath the oeafloor. 



Another subseafloor mineral, siafur, la asaociated with 
salt domes- Sulfur la recovered frqm beneath the sea 
bottom melting It with superheated water and piping 
It to the surface. Two sulfur mines off the Louisiana coast 
account for 15^ of the U.S. production bf sulfur." 



Surprisingly, a large amoxint of coal» iron ore, and 
nickel-copper ores are mined from beneath the aea. They 
come from mine shafts beginning on land. Coal from beneath 
the sea accounts for more than 30% of Japan's production, 
•fad more tha^ 10% of Brltlan*s. 



the oct^anu 
gl ve us many 



'(Music) 
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(aailboat ) 



1. 



These gifto are* 
given freely . . 



(Music) 
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f^oceoii sunset ) 

and have been 
ours since the 
beginning of 
^ time. I — 



(Music) 
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(water skier) 

• It has not beer 
necessary to 
slave 



(Music) » 
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'(wavea L. 

crashing on rock j) 

'a ^ 

,or opend mllllon|i 
of dollars to 
j^l^uire them. 



(Music) 
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(fish 
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br: 


Lght ones) 




Other reooui^cea 


are finite in 


cuBount . 











(MuoIc) 
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0^ 



(horse & ^ 

ridei^ on beachT" 

However, these 
gifts can be 
inexhaustible. . 



(Music) 
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(sailboat in 
miat) 

If we vaV^e theii^ 
iUjfhly enoug h.!, , , 



(Music) 
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Surf on rocke 



(Muaic) 
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Poottest 



1 



Now. turn in yoxxr StuOy Guide to the Post test* Answer 
th^ teBt questions again » this tinfe on the green pages, 
Stpp tile tape now. 
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Answer page 
in the Study 
Guide 



— 1 ■ ■ 



You may now check your Posttest answers against the 
answer sheet in the back of mie Study Guide. If after 
checking your answers, you feel you have :^.eamed all 
you ne€^d to know from this lesson, you may fitop* However, 
if you did not answer most of liJie questions correctly, 
feel free to take this lesson over again* The Proctor 
will help you* ^ 
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The End of this 
Lesson 
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LESSON 6.lh: OCEAN RESOURCES 



STUDENT RESTONSE SHEETS* . 




Nome 
Date 



LESSON 6,1k: OCEAN RESOURCES 
STUDENT RESPONSE SHEET.' 



i Frame l "! 

t • 

You have ^earned that upwell^ngs off the coast of Peru provide the conditiona 
for an excellent fiahlng groxmd. Off the coaat of California ^ear Monterrey 
there uoed to be excellent fishing grounds caused by upwelllngd. Pishing 
is poor now and old comlery buildings are used for stores and wirehouses. 'What 
do you think happened to this fishing ground? \ 

\ 



Frame g [ 

Before proceeding with this program, we would like you to make a hypothesis ' 
and on estimation. Think about the number of pounds of beef or fish that can 
be raised per acre. Answer the following questions: 

Can man raise more* less, or the same number of pounds of beef as fish per acre? 



Next., your ftstimation of the ratio of number of potinds of ^ fish to beef will be: 



(a) 
(b) 
<c) 
(d) 



.5 to 1 
1 to 1 
8 to 1 

20 to A 



Answer : 



r 



^8 



ame 
bate 



UCiJGON e.lU: OCEAN RESOURCES 
BTIJDENT RESPONSE SHEET 



This lesson has completed an explanation of Bevorol tochnologica.1 tecliniques 
that, will increufje the fish tol^e from the oceans. However, wtj all recbgnlze 
that technology operat^es within economic and political domains. Let'o atudy 
for a moment the aame problem — how to increase fish catch — fi'om a social 
point of view. Look at Figure I. If we overfish the oceoni Curve C describes 
what will happen. If we follow Cixrve B, the fish take may be l^ge and con- 
tinuous through time, but not rapid enoxigh to prevent* millions of j^ople from 
starving. If wo follow Curve A, the fish take would most nearly match bur 
immediate needs and provide a eontimial supply* , « * ' <• 

List below two economic or political agreements that would have to be made 
before Ciirve A could be carried out^^ ^ - ' 

Agreement 1 ' < 



Agreejment II 




Norn*- 

i'^niMKNT kk:;pon::k ::i{Khrr 

i. Vi/h/it. t [iff?? Miujor* I'nrt lic tfM'in i n<^ 
tin- iwiinhcM' v>!* i"\-A\\ In iu\w nrrn'l 



Date 



LESSON C.lht OCEAN R)SSOU«C03 

sniDKNT KespoNBK mms 



Whirh i>t* tlu- rollowiuH occuiiic water 

H. cold bot.toin water:; 
b. tMjUHt.or I a^l watfM•:^ 

i :; I and: watern 
d. .*mr-rar<"^ watei'M 



a. cold lK)ttcDi waters 
e<iua,torla3, waters 
c . islant^ waters 
d* Burface waters 



How fur ilowa Into oeemi water does 
suti 1 i ^h{. ptnuM, rate? 

met.er:; 



^4. At. whieh ^}}\^l.oV the Tollowing placea 
ar(^ r\ut.rlentu for fish life mast 
abuiulant,? 

a. . at the equator 

b. at ^he po].es 

e. in ({)cean basins 
d, near inhere lines 



a. 

e. 
d. 



at the equator , 
at the ^oles 

in ocaaa basins: ( 

ne6u» shorelines , 



ilieters 



Which one of the fol Lowing az^eas 
produces the least fish life? 

a. the equator 

b. the poles 

c. center of ocean basins 

d. shorelines 



a. the equator 

the poles 
c« centc^r of ocean basins 
d. shorelines 



winch of the following techniques 
Is (are) now used to catch fish? 

a. man -made reefs . • 

b. sounds 

c. suction tubes 

d- underwater lights 

Ntune ways df locating and/or 
aatching fish which will prob&bly 
become widespread in the future. 



8- In what parts of the world does most 
seafood fanning now occur? 
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Name 



1.k:;:".on (.. |!»: ockan hk:U)UHCK;; 
.STUDENT RESPONSK SHEET 
PRETEST (continued) 



Date 



USSSON 6.lh: OCEAN RESOURCEe 



10. 



11, 



1?. 



13, 



15. 



16. 



IT. 



Do we have evidence at present to 
i lull cute thut fish farming can 
contribute significantly to our 
ViHh catch? 

Yen \iQ 

Hoyi do cattle cropa compare with 
potential fish pond crops? 

lbs . /acre /year 



Cattle: 
Fish: 



lbs . / acre/year 



How is fish meal used? 

a. as chicken feed 

b. as lioK feed 

c. as aawdust 

d. In Industrial paints 

Of what kinds of fish is fish meal 
made? 

a. lobster tails 

b. fish heads and entrails 

c. trout and t\ma filets 

d. un tasty fish 

Have we overfished in many areas 
of the oceans? 
Yes No 

How are fish species protected from 
fishing to the point of extinction? 



How long will it be before we are 
harvesting the maximum amount of 
fish vre can without upsetting the 
ecological balance of the oceans? 



WhAt are the 2 most important mineral 
resources we take from the oceans? 



What percent of the earth oil re- 
serves are estimated to lie beneath 
the continental shelf? 
a- 10%' 

b. 20% 

c. kO% 

d. 60% 
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No 



Iba ♦ /acre/year 



Cattle : 

■"TPiTO ^' 

a* as chicken feod . 

aa hoMf 'feed ' 

aa aawdust 
d. in IndmtTioX pedntB 



a, lobater talXa 

I)* fish htitada an^ eiutr^lla 

c, ti^ut and tuna filets 

d» untasty fish 



Yea \ : 




■ ■ - ■■ ■ mm 




< 



Dtxlr 



IS. 



rHhrrK:;T (continued) 

V^liii'li miiuM JiUi tLi'c now be* i 
i-xt.i-/u-t.('il tllre<M. ly from s<^awHt.<M'Y 



Name 

Date 



mmon 6.ihx ocean REsoimcoss 

STUBENT ragSPONSE 8IIE1ST 
K)gygE8T (continued) . >v 



nrul 



What. l.M t.lir ooc^anir oourr<^ of our 
i od i lit* Y 

M.. Kli>blgt'^rIiiH ooze 

d. t.una 
> 

(*mi wt* liepoml on the i'>c<?at\3 to ^mpply 
our- fresh water needs In the rutureV 



No 



^1 . 



Why have we not yet extracted ^oid 
from the <.)ceans to solve our monetary 
cr i iie:tY 



ond 



a, glbbigerina 00550 

c . Tfteawater 
d% tuna 



Yes 



No 



■ ~- — .— - ^^on- ^ J mm 


Niinie 6 minera^L resources which 
fourul on the ocean floor. 


are 


> ' 




Ntune 6 mineral resources which 
found beneath the ocean floor. 


ai*e 


> 


1 



List all the ways the ocean provided 
us w1 th pleasure and fun. 
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